Abstract -This paper presents a development of self-tuning Quantitative Feedback Theory (QFT) for a non linear system. QFT is one type of robust controller which deals with plant uncertainty. The performance of robust controller for any uncertain plant is guaranteed based on pre-defined specifications. Meanwhile, self-tuning controller is one type of adaptive controller which also meant to solve the same control problem, however for slower plant drift. By combining both adaptive and robust controllers, both robust and adaptive performance can be achieved. The proposed algorithm is tested on a chosen case study, grain dryer plant. Grain dryer is a non linear plant with uncertainty as the characteristics of the plant can be affected by environmental changes, manufacturing tolerance and input/output disturbance. Based on the results obtained from this case study, the superiority of the proposed self-tuning QFT has been proven. From the comparison test conducted between self-tuning and standard QFT-based controllers, the proposed method produced more desirable response in terms of faster settling time, less percentage of overshoot with reduced ringing, smaller control effort required and wider leverage of uncertainty range.
I. INTRODUCTION
Quantitative Feedback Theory (QFT) is a technique for robust control design. Only single design of robust controller is required to achieve performance specifications and at the same time be able to deal with specified parameter variation in the plant. QFT technique has been successfully applied to various types of plants for example flight control system, marine auto pilot, pH neutralisation and control of rolling mills. Nevertheless, the standard procedure of QFT involved manual loop shaping (controller design) which dependent on designer's experiences which sometimes relies on a trial-and-error method [1] . Moreover, the performance of the system is only guaranteed for certain uncertainty range.
A part of QFT, adaptive control is a technique to deal with parameter uncertainty, but with larger uncertainty range. Adaptive control provides online tuning of controller and can modify its behaviour in response to changes in the dynamics of the process and the character of the disturbances [2] . However, adaptive control is very sensitive to unmodelled dynamics and disturbances and often exhibit poor transient [3] .
The proposed self-tuning QFT integrate both adaptive and robust controller which poses the advantages of both control methods and eliminates the disadvantages of each. Self-tuning QFT has the ability to tune the controller's parameter online (learning capability of adaptive control) and rejects disturbances like a robust controller. The proposed self-tuning QFT is tested on a grain dryer plant model which has been chosen as the case study.
II. METHODOLOGY
The case study chosen is a model of conveyor belt type grain dryer plant [4] . The mathematical model of the grain dryer plant with 5% parameters uncertainties is given by 
‫)ݏ(݉߂‬ has been obtained from the transfer function of the grain dryer that gives the highest variation of frequency response of parameter variation (LTI).
The following specifications have been outlined in order to achieve gain margin ≥ 12 dB and phase margin ≥ 50° [5] .
x Robust stability margin
x Robust output disturbance rejection The algorithm of the proposed self-tuning QFT can be summarised as follows:
1. The structure of the QFT-based self-tuning controller is determined based on the structure of controller designed by standard QFT. 2. The objective function of the controller is to minimise the control error. RLS and pole placement algorithm are used to adjust the QFT-based selftuning controller. 3. Based on criteria in step 2, a new set of the QFTbased self-tuning parameters are given at each sampling event. 4. This set is checked if the QFT constraints given in (3), (4) and (5) (robust stability, robust input disturbance and robust output disturbance) are satisfied. If this condition is satisfied, the values of QFT-based self-tuning parameters are updated; otherwise parameters set are rejected.
III. RESULTS AND DISCUSSIONS
Tests have been performed to the developed selftuning QFT algorithm with grain dryer plant model. The performance has been compared to the QFT controller developed using standard method. In the first test, the system is required to track the reference signal (desired moisture content of grain) from high moisture (around 0.17 w.b to 0.14 w.b. Then, 5% parameter variation has been applied to the plant at sampling event, k=200, as shown in Fig. 2(a) . At the beginning of the response, selftuning QFT provides slower response due to the adaptation process of the identified parameters to the new value. In fact when parameter variation occurred, QFTbased controller developed using standard method provides slightly better transient than self-tuning QFT. This is because the parameter variation occurred is still within the specified uncertainty range and the QFT-based controller efficiently attenuate the effect. However, as can be seen from Fig. 2(b) , the control effort generated by self-tuning QFT is lower than standard QFT, which is more desirable in control system point of view. The advantages of the proposed self-tuning QFT are revealed in the second test when higher parameter variation (20%) applied to the plant. Obviously, as seen in Fig. 3(a) & (b) , self-tuning QFT yields faster response to eliminate larger parameter variation compared to standard QFT. Furthermore, the control signal produced by self-tuning QFT during the occurrence of larger parameter variation is also lower than standard QFT. Nevertheless, both controllers produced no steady state error. The summary of the results is presented in Table 1 .
The proposed self-tuning QFT is also tested with white noise. White noise is another source of disturbance which may come from sensors and actuators, represented by random signal, known as pseudo-random signal. The highest amplitude of the power spectral density (PSD) has been set to 1 in order to generate large perturbation source. The sample rate of the band-limited white noise has been set at 0.5 while the seed for the random number generator has been set to 23341. As shown in Fig. 4 , white noise has caused the grain moisture content to be increased to 0. 
QFT Constraints Checking
Self-tuning Mechanism u good control. As shown in Fig. 4 , the grain dryer plant is able to reduce the grain moisture content to desired 0.14 w.b in 100 sampling events. On the other hand, the standard QFT-based controller produced less desirable response with much higher overshoot and longer settling time. The robustness of the proposed controller is proven as the response is very stable and has no steady state error. The development of self-tuning QFT has been presented with various aspect of supporting test results. The greatest achievement of the proposed self-tuning QFT is the ability to design the controller online, no longer dependent on designer's experiences which sometimes relies on a trialand-error method. The superiority of the self-tuning in providing better transient response for the case of larger uncertainty range has been proven by the comparison tests between the self-tuning QFT and standard QFT-based controllers. Self-tuning QFT is also capable to reject disturbances in terms of parameter variation and white noise effectively. Self-tuning QFT has proven to have faster settling time, less percentage of overshoot, smaller control effort required and wider leverage of uncertainty range. Therefore, both robust and adaptive performance has been achieved. 
